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Abstract 
The addition of the polytechnic education to the curriculum of non-technical schools is currently a highly discussed topic that 
reflects the declining interest in technical fields of study and activities. Approaches to promoting technological and polytechnic 
education are numerous. However, the problem tends to be simplified to the issue of processing materials, which does not take 
into account the wide range of techniques and technologies, nowadays largely represented by information and communication 
technologies.  
With these facts in mind, an experiment was conducted, focused on the addition of a thematic unit of computer aided design 
(drafting) in 2D and 3D supported by CAD system to the curriculum of grammar schools with a 6- or 8-year study program, for 
the time period of 6 months. The submitted study presents a summary of contributions and results of the experiment, using the 
method of investigative research carried out among the teachers of grammar schools with a 6-or 8- study year programs, who had 
implemented the training of the above mentioned subject. 
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1. Introduction 
Technology is an internal part of our life, it is all around us. Nowadays, a person without necessary basic 
technical knowledge and skills would not be able to perform their social function properly, and, consequently, would 
 
 
* Corresponding author. Tel.: +420-58-5635-811; fax +420-58-5635-003. 
E-mail address: milan.klement@upol.cz 
 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of Future Academy® Cognitive Trading
150   Milan Klement and Sylvie Klementová /  Procedia - Social and Behavioral Sciences  217 ( 2016 )  149 – 159 
not live a full life (Zubata, Plishke & Kropáč, 2011). Therefore, elementary technical knowledge and skills should be 
mediated to the general public, not just to the students of technical secondary schools, by the educational system. In 
terms of advanced educational systems, elementary technology training represents an integral part of the general 
curriculum taught at elementary and secondary schools. It is transferred to pupils and students via a school subject, 
different not only in name (practical training, practical activities, technical training, technical practice, technique, 
practice, technology etc.), but also in scope and content. 
Over the recent years, the term "subjects of technical character" has been used in professional literature (Idrus, 
Mond & Abdullah, 2010). By means of this subject, pupils acquire not only theoretical knowledge, but also 
elementary work skills. The emphasis is usually placed on technical creativity, depending on students` fields of 
interest, and the training is carried out mostly within the framework of ooptional subjects. Despite the rapid 
development of computer technology in all developed countries` education systems, elementary manual activities of 
technical nature such as woodworking, metalworking, working with tools and simple machines, electrical work etc.), 
remain a part of the curriculum. A combination of the two aforementioned is more and more common. The aim of 
the technology or polytechnic education is to develop the skills of the learners in manipulating working tools and 
machines, adopting work culture, and to acquaint them with the scientific principles of contemporary production, 
safety rules, etc. (Mojžíšek, 1981). 
At present, these objectives are further developed by the supportive role of ICT, as information technology today 
covers or supports a significant part of industrial production. The aforementioned goals shall be well achieved in 
technically oriented subjects, which are based on the combination of the two stated goal segments, and the content 
and process side of which are close to a number of professions, not only these called technical today (Manullang & 
Kons, 2012). 
Even though teaching at primary and secondary schools is primarily focused on general training, preparation for 
the use of computer technology and technology in general grows in importance as a component of education 
(Granath, 2003, p. 129). These efforts have not only been declared, but also embedded in a wide range of curricular 
and policy documents, and in many cases they have also been financially supported by various grants. The above 
stated facts indicate that education systems clearly aim to promote polytechnic education. Unfortunately, at least in 
terms of the Czech education system, it is not always the case. During 2006 and 2007, the Faculty of Informatics and 
Statistics of the University of Economics in Prague in cooperation with the company CACIO-CSSI-SPIS conducted 
a complex research to analyze students' of grammar schools readiness for academic studies at technical universities.  
The study involved 53 faculties all over the country. The conclusions of the study were alarming, as they revealed 
a lack of experts in technical fields, as well as the absence of expertise among teaching staff, and an inadequate level 
of education at grammar schools in technical disciplines, based on the rudiments of drawing documentation, as one 
of the most important prerequisites for successful studies at technical universities. Moreover, according to the 
conducted study, only a small percentage of grammar schools` students proceed with their studies at technical 
universities. They prefer fields of study more related to humanities, though their dispositions to study at technical 
universities might be very good (mathematics, chemistry, physics, etc.). Following the results of the aforementioned 
study, the author of this paper conducted a similar research in 2013 (Klement & Kubrický, 2013), a part of which 
was carried out at six 8 and 6 year grammar schools. Among others, a question concerning the reason why so few 
students of these grammar schools apply for technically oriented universities was asked. The most frequent answer 
received from the students was a claim that they were unable to assess the benefits of technology studies, because 
their high school`s curriculum did not involve any subject which would at least partially expound technology and 
technical issues to them. 
Based on these results, we started to prepare in 2013 and implemented in 2014 an experiment, based on the 
inclusion to the set of ICT subjects taught at 8 and 6 year grammar schools of a thematic unit "Application of 
mathematics and chemistry in computer-aided technical drawing", which integrated both the technical area of 
technical drawing and drawing documentation, and the area of specialized CAD software tools used in these 
activities (Klement, 2001). The experiment thus consisted in the introduction of a new thematic unit to the 
established curriculum, and in the evaluation of the impact of thus conceived education on the students. 
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2. Spatial imagination and its development 
Despite the fact that most of us do not even realize it, spatial imagination accompanies us throughout our lives 
and at every step. Spatial orientation begins to develop as early as in infancy, when the child learns to follow the 
trajectory of moving objects and focus on the immediate area. The development starts in the vertical direction when 
a child, thanks to the Earth`s gravity, adopts the notions of up and down. Anteroposterior and horizontal movements 
follow, improving and deepening of the perception then go on throughout the rest of our lives. We cannot classify 
imagination as a purely mathematical, or psychological ability, however, there are fields of human activity which 
require a developed spatial imagination, for example sculpture, topology, architecture, building construction, and 
other technical disciplines. 
According to Jirotkova (1990), spatial imagination equals intellectual ability to purposefully recall: 
• earlier seen or perceived objects in three-dimensional space and recall their properties, location, and spatial 
relationships, 
• sooner or at any given moment seen or perceived objects in a different relative position than they were at, or are 
actually perceived, 
• object in space based on its planar visualization, 
• non-existent real object in three dimensional space on the basis of its verbal description. 
Spatial imagination can serve various purposes. It can be a useful tool, an auxiliary way of thinking, a method to 
obtain information or to formulate a task, and/or a means to solve a particular problem. Thanks to the versatility and 
the use of spatial imagination, there are many different definitions of the collocation. Obviously, the definition by 
a psychologist will differ from the one by a neurologist, a teacher, or an engineer. Apparently the broadest definition 
of the term has been provided by a pedagogical sciences professor H. Gardner (1999): "The core of spatial 
imagination are the capabilities which ensure an accurate perception of the visual world, facilitate the transformation 
and modification of the original perceptions, and create a visual experience from one`s own mental images, even in 
the absence of outward stimuli effect." 
The aforementioned functions of spatial imagination are used in mathematics in order to solve various tasks, in 
chemistry for visualizing chemical bonds, in technical drawing, and while designing solids, shapes, and objects. 
That is why lessons of technical drawing or computer-aided technical drawing create favorable conditions for the 
development of spatial imagination and technical thinking (Kropáč, 2004). To be able to compile, and to project 
appropriate teaching of 2D and 3D drawing documentation based on the use of up-to-date electronic study materials, 
it is necessary to continuously determine their impact on the target group, and regularly identify the views and the 
attitudes of the later. Based on the conducted investigation, it is possible to correct some of the negative side effects 
or, on the other hand, accentuate the positive effects. Teaching computer-aided technical drawing, supported by well 
selected teaching materials thus offers many a possibility for more effective teaching and developing 
interdisciplinary links (Grecmanová, 2000).  
3. Setting conditions for the implementation of the experiment 
A necessary precondition for the implementation of the experiment was to create its own concept and content of 
education, focused on the use of CAD systems, for the purpose of the enrichment of teaching of mathematics and 
chemistry at 8 or 6 year grammar schools with the practical application based on the use of computer-aided 
technical drawing. A new training module "Application of mathematics and chemistry in technical drawing" was 
developed, the aim of which was to elaborate interdisciplinary links, interconnect theory and practice via real life 
examples and practical tasks (Grecmanova, 2000), and last but not least contribute to a substantial development of 
the competencies of the students in the field of computer-aided technical drawing (Klement, 2003), as one of the 
important factors facilitating their potential further studies at technically oriented universities. 
The aforementioned module enabled a substantial development of interdisciplinary links between math and 
chemistry, as a consequence of practical use of the students’ knowledge of the two subjects during the visualization 
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of objects in 2D and 3D space, elaborated to technical drawing, as one of the basic means of graphic 
communication. 
To be able to implement the aforementioned experiment, a joint project of the Department of Technical 
Education and Information Technology of the Faculty of Education of Palacký University Olomouc and 6 partner 8 
and 6 year grammar schools from Olomouc region called CAD - computer-aided technical drawing at schools, was 
carried out.  The project was aimed at an extension of the subject matter of math and chemistry lessons by practical 
application of computer-aided technical drawing in the second or third year of a four-year program of study 79-41-
K/41, or equivalent years in a six-year program of study 79-41-K/61, and/or eight-year program of study 79-41-
K/81 of grammar schools.  It was based on an active approach of teachers (methodologists) to the development and 
implementation of a new learning content and application of subjects, creation of a new learning program, including 
its verification in live instruction. Moreover, the individual key activities comprised all the basic processes 
associated with the change in the content of particular subjects` curricula, focused on practical application and use 
of computer-aided technical drawing in lessons of mathematics and chemistry. 
Due to the activity character of the realized teaching, which took account of the needs of 6 and 8 year grammar 
schools, a practical application of knowledge on concrete examples was used as a method, including the creation of 
2D and 3D visualizations which enabled the students to better understand the subject matter (Klement, 2013). Thus 
conceived concept guaranteed that the students would be able to practically apply their knowledge to real-world 
examples. It should be noted that the structure of the particular units was mostly focused on mastering the 
knowledge and the skills immediately required for basic orientation in the field of creating 2D and 3D drawing 
documentation in AutoCAD 2013 system (Klement 2013b). For the contents of particular training modules see table 
number 1 below: 
  Table 1. The contents of the thematic unit "Application of mathematics and chemistry in computer-aided technical drawing" 
Name of the training module Content of the training module 
Training module 01: Applications 
of mathematics:  Introduction to 
plane geometry 
The module familiarizes students with the basics of the operation and the use of the AutoCAD 2013 
user interface. Via practical examples, students are gradually informed about various parts of the 
interface and functions of AutoCAD 2013, and also get acquainted with the creation of basic plane 
geometric figures. 
Training module 02: Applications 
of mathematics:  Creation and basic 
alteration of geometric figures 
The module familiarizes students with further possibilities of the operation and the use of the 
AutoCAD 2013 user interface. Via practical examples, students are gradually informed about further 
parts and functions of AutoCAD 2013 interface, and also get acquainted with the creation of further 
plane geometric figures. 
Training module 03: Applications 
of mathematics:  Creation and more 
advanced alteration of geometric 
figures 
The module builds on knowledge gained in previous teaching modules 01 and 02 and extends them 
by introducing possible alterations of plane geometric figures via advanced modifications. Students 
are gradually initiated to the practical application of these modification options, both via frontal 
teaching and practical examples requiring individual work. 
Training module 04: Applications 
of mathematics:  Creation and 
advanced alteration of plane figures 
The module builds on knowledge gained in previous learning modules 01, 02 and 03, and extends 
them by introducing possible alterations of plane geometric figures via advanced modifications. 
Students are gradually initiated to the practical application of these modification options, both via 
frontal teaching and practical examples requiring individual work. 
Training module 05: Denoting 
dimensions of plane figures 
The module is focused on denoting the dimensions of plane figures. Students are gradually 
acquainted with the basic principles and approaches regarding dimensioning of plane figures. They 
apply this knowledge in practice by creating both diameter and radius dimensions. They thus follow 
up to the issue taught in mathematics lessons and apply it in an AutoCAD 2013. 
Training module 06: Applications 
of mathematics:  Filling in plane 
figures 
The module is focused on filling in, or hatching, plane geometric figures. Students are gradually 
acquainted with the basic principles of and approaches to hatching plane figures. They apply the 
knowledge in practice by creating hatched areas, both by selecting interior points and border areas. 
Training module 07: Applications 
of mathematics:  Basics of spatial 
geometry 
Training module 07 is intended to introduce students to the basics of spatial geometry and spatial 
modeling in the AutoCAD 2013 system. By means of both frontal teaching and individual work, 
basic spatial elements and some selected surfaces are created by the students. They thus apply the 
knowledge of mathematics, which they extend with practical activities focused on the modeling of 
3D spatial scenes and figures. 
Training module 08: Applications 
of mathematics:  Visualization of 
compounds and elements in space 
The module follows up with the training module 07 and extends it toward practical applications of 
the knowledge of chemistry, especially the knowledge focused on the visualization of chemical 
elements and compounds. Students individually create 3D models of elements` and compounds` 
atoms and molecules in 3D space, using the AutoCAD 2013 system. 
Training module 09: Applications 
of mathematics:  Boolean 
The module is focused on the practical application of Boolean operations on solids and surfaces in 
3D space. On practical examples, students will be acquainted with the union, difference, and 
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operations in space intersection operations. They will thus follow up with the subject matter of mathematics lessons, 
more specifically to Boolean algebra, which shall be practically applied in the system of AutoCAD 
2013. 
Training module 10: Applications 
of mathematics:  Rotation and 
projection in space 
The module focuses on the practical application of operations focused on the creation of spatial 
objects and surfaces in 3D space. Students shall be acquainted with the use of rotation and projection 
in practice. They will thus follow up with the subject matter taught in mathematics lessons, more 
specifically with the issue of transformation in 3D space, which they shall apply in practice in the 
AutoCAD 2013 system. 
Overall, the thematic unit "Application of mathematics and chemistry in computer-aided technical drawing" was 
divided into 10 separate training modules, following each other. The time allocation of individual training modules 
was two lessons. The training modules were introduced into the curriculum and taught in the year 2014 at six 8 or 
6 year grammar schools, they were attended by a total of 301 students, and 12 teachers were involved. Upon 
completion of this conceived training, it was possible to evaluate the impact and the results of the experimental 
subject matter from the perspective of students and teachers. The following text describes the procedure and the 
method of the evaluation of the results and of the impact from the teachers` point of view.  
4. Description of the conditions, the sample, and the method of evaluating the results of the experiment 
The actual teaching of the thematic unit "Application of mathematics and chemistry in computer-aided computer 
drawing" was followed by a research investigation conducted at all involved schools. The investigation was aimed 
at a determination of opinions and attitudes of the stated schools` teachers on the instruction realized, and on its real 
impact on the educational process at these schools. Moreover, these 12 teachers contributed to the preparation of the 
experimental educational content, and attended a course aimed at the use of the CAD system in education. As the 
principal tool for obtaining the data necessary for the implementation of the research investigation, a questionnaire 
was used. Within the framework of research methods classification structure, questionnaire belongs to indirect 
methods of investigation. According to N. Ničkovič, a questionnaire can be characterized as "a specific measuring 
device by means of which opinions of individuals on particular phenomena are explored" (Horak & Chráska, 1983, 
p. 94-96). From the point of view of the person or respondent questioned, these phenomena can refer either to 
external phenomena, or to internal processes. That is why a structured evaluation questionnaire meeting the 
requirements of the research investigation was created (GAVORA, 2000). It stemmed from personal experience and 
enabled us to find about the approach of the teachers to the training, and about the impacts of the thematic unit 
"Application of mathematics and chemistry in computer aided technical drawing" on the students. 
Teachers were asked to fill out the questionnaire anonymously and thus present their views on and attitudes to 
particular questionnaire questions. They were asked to express their opinion by ticking the YES or NO option in 
compliance with their personal preference. For the description of the research sample, see Table number 2 below. 
 Table 2. Structure of the research sample 
Gender Number of filled-in self-evaluation 
questionnaires * 
Number of filled-in self-evaluation 
questionnaires in % 
Men 10 52.63 % 
Women 9 47.37 % 
Total 19 100 % 
 
* The number of filled-in self-evaluation questionnaires corresponds with the fact that every teacher involved in the project carried out 
individual evaluation once or twice, that is to say, for the first time after having taught 5 training modules and for the second time, after having 
taught all 10 training modules. This measure led to a significant objectivisation in the evaluation of the contribution of AutoCAD 2013 
applicatons` teaching.   
 
Teachers therefore had the opportunity to fill in at least one self-evaluation questionnaire, and enter into it the 
outcomes of their observation as well as the results of the teaching of the thematical unit focused on applying the 
math and chemistry knowledge, acquired by means of computer-aided drawing in AutoCAD 2013 environment, at 
their schools. The first wave of observations took place between February and April 2014 (evaluation of the first 5 
training modules), subsequently, the second wave was carried out between April and July 2014 (self-evaluation of 
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all 10 learning modules). Overall, a total of 190 taught training modules of the thematical unit "Application of maths 
and chemistry knowledge acquired by means of computer-aided drawing in AutoCAD 2013 environment system," 
were evaluated. The evaluation was carried out in real terms of the educational process conducted at six 8-year 
grammar schools and therefore the results can be further classified as conclusive. 
The main method adopted for the purposes of evaluating the acquired research data was the chi-square test 
(Chráska, 1988), which was applied to investigate the dependence of the outcomes on a significant sign of a group 
of respondents, which was the gender. To determine the power of each group of respondents who answered in the 
same way, basic descriptive statistics and their visualization via tables were used. For calculations, the Statistica 11 
statistical system was applied (Klímek, Stříž & Kasal, 2009). The following text presents some partial results of the 
realized survey, which was aimed at identifying the opinions and attitudes of teachers at 8-year grammar schools to 
and on the teaching of the thematical unit "Application of mathematics and chemistry in technical computer 
drawing", and its real impact on the educational process in these schools. 
5. Partial outcomes of the conducted research investigation 
The first area examined was the level of interest in 2D and 3D drawing documentation in the AutoCAD 
environment shown by the students. It was determined via direct monitoring of the training, carried out by the 
teachers during the lessons. It is necessary to mention here that the outcomes based on students` own declarations 
correspond with the outcomes stated hereinafter. However, students claimed a somewhat lower level of interest. A 
summary of the outcomes based on the teachers` responses is illustrated by the Table 3 below. 
Table 3. The level of students` interest in teachingAutoCAD 2013 applications 
Contingency table for: n = 19 
Pearson`s chi square: p = 0.278821 
Did computer aided technical drawing catch the students` interest? 
Gender of respondents Men Women Row totals 
No, it did not – frequency 0 1 1 (5 %) 
Yes, it did - frequency 10 8 18 (95 %) 
All groups - frequency 10 9 19 (100 %) 
 
From the results shown in Table No. 3, it is quite clear that the vast majority of teachers indicated that teaching 
AutoCAD 2013 had caught the students` interest. Furthermore, it is possible to say that there is no statistically 
significant difference (p = 0.278821) between the frequency of responses given by men and women. In other words, 
men and women both claimed that the teaching had been interesting for the students. 
Another question examined was whether the inclusion to the teaching of the thematic unit "Application of 
mathematics and chemistry knowledge acquired by means of computer-aided drawing in AutoCAD 2013 
environment system," had led to increasing students` motivation, from the perspective of the teachers. As motivation 
is one of the most important psychological preconditions for successful and effective teaching, it has a major impact 
on the outcomes of the latter. A summary of the outcomes based on the teachers` answers is given in the below 
Table number 4. 
Table 4. The level of students` motivation in the course of teachingAutoCAD 2013 applications 
Contingency table for: n = 19 
Pearson`s chi square: p = 0,465695 
Did the students` motivation level increase in the course of training? 
Gender of respondents Men Women Row totals 
No, it did not – frequency 1 2 3 (16 %) 
Yes, it did - frequency 9 7 16 (84 %) 
All groups - frequency 10 9 19 (100 %) 
 
From the results shown in Table No. 4 it is clear that the majority of the teachers came to the conclusion that the 
inclusion of AutoCAD 2013 to the teaching had significantly increased the motivation of students to study. 
Teaching creation of 2D and 3D drawing documentation in AutoCAD 2013 system therefore can be described as a 
very useful tool for increasing the motivation of students in subjects focusing on ICT, mathematics and/or 
chemistry. Furthermore, it is possible to say that there is no statistically significant difference (p = 0.465695) in the 
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frequency of men`s and women`s answers. Men and women both claim that teaching AutoCAD 2013 applications 
increased the students`  motivation, and the results can therefore be described as independent of gender. 
The third question investigated was whether, from the teachers` point of view, the students had had serious 
difficulties mastering the subject matter. The teachers ‘mission was to assess whether the difficulty of the subject 
matter corresponded with and was appropriate for the target group of students, and whether it would be possible to 
include the thematic unit in the teaching country-wide. A summary of the outcomes based on the teachers` answers 
is given in the below Table number 5. 
Table 5. Difficulty level of the subject matter focused on teaching AutoCAD 2013 applications 
Contingency table for: n = 19 
Pearson`s chi square: p = 0.46643 
Did the students have significant difficulties mastering the subject matter? 
Gender of respondents Men Women Row totals 
No, they did not – frequency 10 6 16 (84 %) 
Yes, they did - frequency 0 3 3 (16 %) 
All groups - frequency 10 9 19 (100 %) 
 
From the results shown in Table No. 5, it is quite clear that most teachers denied occurrence of any significant 
difficulties students might have had mastering the subject matter. They thus consider teaching AutoCAD 2013 
applications   appropriate for the target group of fourth and fifth year students of 8-year grammar schools. 
Furthermore, it is possible to say that there is no statistically significant difference (p = 0.46643) in the frequency of 
men`s and women`s answers. Men and women both claimed that the students had had no significant difficulties 
mastering the subject matter.  
Another question examined was whether the teachers had noticed any interest from students in a higher amount 
of independent work based on model examples, supposed to be modified and completed by the latter. Model 
examples were in the form of simple projects, meant to be further elaborated by newly created problem solving 
teams, all by means of project training methods. A summary of the outcomes based on the teachers` answers is 
given in the below Table number 6. 
Table 6. Preference of independent work based on model examples 
Contingency table for: n = 19 
Pearson`s chi square: p = 0,462529 
Did the students prefer independent work based on model examples? 
Gender of respondents Men Women Row totals 
No, they did not – frequency 5 6 11 (58 %) 
Yes, they did - frequency 5 3 8 (42 %) 
All groups - frequency 10 9 19 (100 %) 
 
From the results shown in Table No. 6, it is clear that most of the teachers observed that students had preferred 
rather frontal or group work with model examples. Furthermore, it is possible to say that there is no statistically 
significant difference (p = 0.462529) in the frequency of men`s and women`s answers. 
The fifth area of investigation focused on the question whether the teachers had spotted during teaching 
AutoCAD 2013 any preference by the students of frontal form of teaching to individual work, when solving the 
practical examples. The latter enabled the students to practice, practical drawings let them demonstrate particular 
theoretical parts of the curriculum. A summary of the outcomes based on the teachers` answers is given in the below 
Table number 7. 
Table 7. Preference of frontal teaching based on practical examples 
Contingency table for: n = 19 
Pearson`s chi square: p = 0,875975 
Did the students prefer the frontal teaching part based on practical examples? 
Gender of respondents Men Women Row totals 
No, they did not – frequency 3 3 6 (32 %) 
Yes, they did - frequency 7 6 13 (68 %) 
All groups - frequency 10 9 19 (100 %) 
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From the results shown in Table No. 7 it is clear that a large majority of teachers did observe the students' interest 
in using practical examples in the form of frontal teaching. The teachers were thus able to demonstrate the particular 
applications of the acquired theory, which were later independently applied by the students in further assignments. 
Furthermore, it is again possible to conclude that there is no statistically significant difference (p = 0.875975) in the 
frequency of men`s and women`s answers, as men and women both claim that students preferred mainly the frontal 
form of teaching. 
Another question examined was whether the teachers had noticed any development of the students` knowledge 
due to the teaching of computer-aided drawing. In this case, however, not only knowledge related directly to 
teaching AutoCAD 2013 applications, but generally to ICT issues, was taken into account. The original assumption 
was that the teaching of these issues would parallelly set up knowledge links to other topics. A summary of the 
outcomes based on the teachers` answers is given in the below Table number 8. 
Table 8. Development of ICT knowledge due to the AutoCAD 2013 applications` teaching   
Contingency table for: n = 19 
Pearson`s chi square: p = 0,329722 
Does teaching of computer-aided drawing develop students’`knowledge? 
Gender of respondents Men Women  Row totals 
No, it does not – frequency 1 0 1 (5 %) 
Yes, it does - frequency 9 9 18 (95 %) 
All groups - frequency 10 9 19 (100 %) 
 
From the results shown in Table No 8 it is clear that all the teachers noticed that teaching AutoCAD 2013 had 
developed students' knowledge in other fields of ICT, too. Furthermore, it is possible to conclude that these findings 
(p = 0.329722) are independent of the gender of teachers, as the answers given by men and women correspond. 
The seventh area examined was focused on the question whether the teachers had noticed any development of the 
students` skills due to the teaching of AutoCAD applications. As in the investigation area 6, in this case again not 
only knowledge related directly to teaching math or chemistry, but generally to ICT issues, was taken into account. 
Once more, the original assumption was that teaching AutoCAD would parallelly set up skill links to other topics. 
A summary of the results based on the teachers` answers is given in the below Table number 9. 
Table 9. Development of ICT skills due to the AutoCAD 2013 applications` teaching   
Contingency table for: n = 19 
Pearson`s chi square: p = 0,329722 
Does the computer-aided drawing teaching develop students` skills? 
Gender of respondents Men Women Row totals 
No, it does not – frequency 1 0 1 (5 %) 
Yes, it does - frequency 9 9 18 (95 %) 
All groups - frequency 10 9 19 (100 %) 
 
From the results shown in Table No 9 it is clear that all the teachers noticed that teaching AutoCAD 2013 had 
developed the students' skills in other fields of ICT, too. Furthermore, it is possible to conclude that these findings (p 
= 0.329722) are independent of the gender of teachers, as the answers given by men and women correspond. 
Another question examined was whether the teachers had observed at the students any development of positive 
attitudes and opinions to technology due to AutoCAD 2013 teaching. Once again, not merely the opinions and 
attitudes related directly to the teaching of drawing documentation, but in general the opinions and attitudes to 
technical facilities and technical education, were considered. A summary of the outcomes based on the teachers` 
answers is given in the below Table number 10. 
Table 10. Development of positive opinions and attitudes on and to technology due to the AutoCAD 2013 applications` teaching   
Contingency table for: n = 19 
Pearson`s chi square: p = 0,875975 
Does the computer-aided drawing teaching develop students` value orientation and/or their attitudes? 
Gender of respondents Men Women Row totals 
No, it does not – frequency 3 3 6 (32 %) 
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Yes, it does - frequency 7 6 13 (68 %) 
All groups - frequency 10 9 19 (100 %) 
 
From the results shown in Table No 8 it is clear that all teachers did notice that teaching AutoCAD 2013 
applications developed students' attitudes and value orientation towards technology. Furthermore, it is possible to 
conclude that there is no statistically significant difference (p = 0.875975) in the frequency of men`s and women`s 
answers, as men and women both claim that teaching AutoCAD 2013 applications develops attitudes and value 
orientation of students to technology. 
The ninth investigated area focused on the question whether the teachers observed that teaching AutoCAD 2013 
applications had developed students' creativity and imagination. Creativity and imagination are essential parts of 
human personality, and therefore must be constantly stimulated and developed. A summary of the outcomes based 
on the teachers` answers is given in the below Table number 11. 
Table 11. Development of creativity and imagination due to the AutoCAD 2013 applications` teaching   
Contingency table for: n = 19 
Pearson`s chi square: p = 0,278821 
Does the computer-aided drawing teaching develop students`creativity and imagination? 
Gender of respondents Men Women Row totals 
No, it does not – frequency 0 1 1 (5 %) 
Yes, it does - frequency 10 8 18 (95 %) 
All groups - frequency 10 9 19 (100 %) 
 
From the results shown in Table No 11 it is clear that all the teachers observed development of the students' 
creativity and imagination due to the teaching of AutoCAD 2013. Furthermore, it is possible to conclude that these 
findings (p = 0.278821) are independent of the gender of teachers, as men and women agree on the claim. 
The investigated question number 10 was whether the teachers observed at the students an ability to apply the 
outcomes of the teaching of AutoCAD 2013 applications outside the classroom, too. The teachers had an 
opportunity to respond to the question concerning the students`ability to independently create 2D and 3D drawing 
documentation also beyond the curriculum presented. A summary of the outcomes based on the teachers` answers is 
given in the below Table number 12. 
Table 12. Ability to independently apply AutoCAD 2013 beyond training 
Contingency table for: n = 19 
Pearson`s chi square: p = 0,905565 
Are students able to apply math and chemistry beyond training, that is to say subsequently to the computer-aided 
drawing teaching? 
Gender of respondents Men Women  Row totals 
No, they are does not – frequency 2 2 4 (21 %) 
Yes, they are - frequency 8 7 15 (79 %) 
All groups - frequency 10 9 19 (100 %) 
 
From the results shown in Table No 12 it is more than clear that most of the teachers observed that teaching 
AutoCAD 2013 enabled the students to create 2D and 3D drawing documentation outside the classroom, too. 
Furthermore, it is possible to conclude that these findings (p = 0.905565) are independent of the gender of teachers, 
as men and women agree on the outcome. 
Another area examined was focused on the question whether the teachers had observed at the students better 
understanding of the operating principles of computer technology as a result of being taught AutoCAD 2013 
applications. The teachers were asked to answer the question of whether the teaching of creating 2D and 3D 
drawings had developed cross-curricular links, and therefore was a suitable complement to teaching other subjects 
as well. A summary of the outcomes based on the teachers` answers is given in the below Table number 13. 
Table 13. Rate of development of understanding the ICT operating principles 
Contingency table for: n = 19 
Pearson`s chi square: p = 0,514585 
Do students understand the ICT operating principles better now? 
Gender of respondents Men Women Row totals 
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No, they do not – frequency 3 4 7 (37 %) 
Yes, they do - frequency 7 5 12 (63 %) 
All groups - frequency 10 9 19 (100 %) 
From the results shown in Table No. 13 it is quite clear that most of the teachers observed that the students 
understand the operating principles of computer technology better now. Furthermore, it is possible to conclude that 
these findings (p = 0.514585) are independent of the gender of teachers, as men and women agree on the outcome. 
The last question to investigate was whether the teachers had observed any increase in the students` interest in the 
issue of computer-aided drawing due to the teaching of creation of 2D and 3D drawing documentation. Teachers 
were asked to answer the question focusing on whether teaching AutoCAD 2013 applications had developed the 
students` interest in using computer technology not only for entertainment and communication, but also for the 
creation of real projects. A summary of the outcomes based on the teachers` answers is given in the below Table 
number 14. 
Table 14. The level of interest in AutoCAD 2013 applications 
Contingency table for: n = 19 
Pearson`s chi square: p = 0,115037 
Did the students` interest in computer-aided drafting increase? 
Gender of respondents Men Women Total rows 
No, it did not - frequency 0 2 2 (11 %) 
Yes, it did - frequency 10 7 17 (89 %) 
All groups - frequency 10 9 19 (100 %) 
 
From the results shown in Table No. 14 it is clear that the teachers did observe a significant and large increase in 
the students' interest in AutoCAD 2013 applications and we can thus claim that the students do not prefer to 
continue using the acquired knowledge for communication and entertainment only, but rather for real projects or 
applications. Furthermore, it is possible to conclude that these findings (p = 0.115037) are independent of the gender 
of teachers, as men and women both claim the same. 
6. Conclusions 
The above described experimental educational content focused on an enrichment of the teaching of mathematics 
and chemistry with a practical application of the computer-aided technical drawing, represents an innovative way of 
using modern information and communication technologies in education. As it is obvious from the above described 
research, the experiment and its impacts positively influenced the formation of key educational activities for 
students in upper secondary education, and at the same time increased the qualifications of teachers of 6 and 8 year 
grammar schools, where the experimental education was implemented. 
The benefits and added value for the teachers was gaining new skills, expansion of professional skills, a 
significant improvement in the conditions for the preparation and implementation of the teaching of technically 
oriented graphics systems and, last but not least, a free access to the relevant electronic educational materials. 
With respect to students, the experimental educational content offered them an opportunity to learn about and 
improve in the field of creating 2D and 3D drawings in AutoCAD 2013 system. They were enabled to develop 
individual skills in a new way, to solve tasks in a more attractive way and independently, based on the acquired 
knowledge of work with ICT, to use all means of communication effectively and creatively, and, last but not least, 
to accept responsibility for their own work. As a whole, all these skills can significantly contribute to the wider 
adaptability of students in further studies at universities. 
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